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Abstract 
 
In this study, the effect of different temperature and humidity content of rooting medium on rooting percentage of black 
mulberry hard wood cutting was investigated. For this purpose, different temperature and humidity contents were 
applied. In the result of the study, the effect of interaction of temperature x humidity and temperature on rooting ratio 
was not significant. On the other hand, humidity content caused significant changes on rooting percentage. The highest 
rooting ratio (63,11%) was observed in cutting planted in medium with 40% humidity. The lowest rooting percentages 
were obtained from two other media contained higher humidity compared to medium with 40% humidity. Both 
temperature and humidity treatment caused significant changes in root length. Among humidity treatment, 80% 
humidity produced the longest roots. The longest roots were obtained from 22°C of basal heating treatment. In term of 
the number of root per cutting, significant difference was not found among humidity treatments while temperature 
treatment caused significant changes. The highest root number per cutting was observed in cutting planted at 22°C. 
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INTRODUCTION  
 
Mulberries (Morus spp.) belonging to the 
Moraceae family are widely distributed in 
many parts of the world, mainly in the 
northwest of South America and some parts of 
Africa (Datta, 2002) and their fruits are used 
for fresh consumption and syrup production 
(Davis, 1972). Their cultivation in Anatolia has 
been known since ancient times (Özbek, 1977). 
Hence, Turkey has a significant genetic 
potential for mulberries but the number and 
production of mulberry fruit decreased in the 
last decades due to the shift away from 
farming, increase of cutting and lack of 
sufficient maintenance. The anthocyanin found 
in berries and red fruits have been recently 
reported to possess preventive and curative 
properties against mouth, larynx, oesophagus, 
stomach and colon cancer (Prior, 2003; Zarfa et 
al., 2007). An excess accumulation of cyanidin-
3-glucoside and cyanidin-3-rutinozit are of 
anthocyanin found in mulberries (Chen et al., 
2005) and the contents are higher than other red 
fruits and some berries (Özgen et al., 2009). 
Expanding in application area and growing 

interest in the nutritional value of mulberry are 
increasing day by day and subsequently this 
interest leads to an increase in demand for 
mulberry seedlings and resulting higher costs. 
Also, the demands are not fully met due to 
some practical difficulties experienced in the 
black mulberry seedlings. Therefore, in the 
study, the effect of different temperature and 
humidity content of rooting medium on rooting 
percentage of black mulberry hard wood 
cutting was investigated. For this purpose, three 
temperature and humidity contents were 
applied. This study was performed under 
greenhouse conditions. 
 
MATERIALS AND METHODS 
 
Hardwood cuttings taken from an old branch of 
the rest period were prepared as 15 cm and then 
firstly soaked 0.3% fungicide for precaution 
against fungal infection. Then cuttings were 
submerged in indole butyric acid (IBA, 5000 
ppm prepared in ethanol) for 5 seconds about 1 
cm below the basal part of the cuttings. After 
holding the cuttings for 1-2 minutes in order to 
evaporate the alcohol, cuttings were planted in 

Scientific Papers. Series B, Horticulture. Vol. LX, 2016
Print ISSN 2285-5653, CD-ROM ISSN 2285-5661, Online ISSN 2286-1580, ISSN-L 2285-5653



80

 
rooting me
composed 
temperatur
controlled 
 

Figure1. R

Temperatu
were determ
from Min
Livestock, 
interpreted
up the fore
the perio
rooting m
temperatur
zone humi
capacity. T
values of
measureme
computer-c
 

Figure 2. C

The study
complete r
three replic
to 20 cut
rooting me
period, th
made. 
 
Callus for
cuttings an
percentage
 
Rooting r
was detect
expressed a

edium. The 
of nine ro

re and hu
(Figure 1). 

Rooting chamb

ure and hum
mined as fo
nistry of 
have been 

d, building 
ecast based 

od 2012-20
media were 
re degrees a
idity value 

The desired 
f the tab
ents were
controlled s

Computer-cont
and 

y was perf
randomized 
cates and ea
ttings. The
edia for 90
he followi

rmation: C
nd the res

e of total cut

rate:  Adv
ted from cu
as a percent

experimen
ooting cham
umidity we

bers under con

midity level
ollows. The 

Food, Ag
statistically
the trend li
on simulat

015. Subs
applied t

and humidit
 was based
temperatur
le based 
e perform
system (Figu

trolled system
humidity 

formed acc
experimen

ach replicate
e cuttings 
 days. At t
ng measur

Callus was 
sults are e
ttings. 

ventitious r
uttings and 
tage of total

ntal design w
mber, of wh
ere separa

ntrol condition

l for the st
data, collec

griculture 
y processed 
ine and sett
tion models
sequently, 
three differ
ty levels. R
d on the f
e and humid
on real-t

med with 
ure 2). 

m for temperatu

cording to 
tal design w
e correspon
were kept

the end of 
rements w

detected fr
xpressed a

root format
the results 
l cuttings. 

was 
hich 
ately 

 
ns 
tudy 
cted 
and 
and 
ting 

s for 
the 

rent 
Root 
field 
dity 
time 

a 

 
ure 

the 
with 
nded 
t in 
this 

were 

from 
as a 

tion 
are 

Ro
len
cal
 
Ro
the
num
 
Sta
pro
sig
AN
test
ave
imp
 
RE
 
Cal
rep
cal
und
rate
and
Co
sig
tem
but
con
the
con
cal
the
and
app

Te

Mea
diffe

For
eva
(78
con
fou
mo

oot length a
ngth and d
liper. 

oot number
e total num
mber of cutt

atistical A
ogramme w
nificance le

NOVA follo
t and the 
erages we
portant at p≤

ESULTS AN

llus forma
presented in
lus formati
der 40 % fie
e was deter
d 26°C.  
ncerning c
nificant d

mperature a
t the effec
ntent were 
e means of 
nsidering th
lus formatio

e average re
d signific
plication.  

Table 1. Call

emp.(°C)  

 4

18  86

22  70

26  79

Mean  78.7

n in the same c
erent to the test of

r the compa
aluation of 
8.73 %) was
ntent but 
und for 60 %
oisture conte

and diamet
iameter we

r: Root num
mber of adv

tings formin

nalysis: SP
was used to
evels. The 
owed by D

differences
re conside
≤0.05. 

ND DISCU

ation rates
n Table 1. 
ion rate (8
eld capacity
rmined unde

callus form
difference 
and moistur
ts of temp
significant
temperatur

he moisture
on was (71.
esults were
cant for 

lus formation 
conditi

 Humid
(%) 

40  60  

6.10  60.53

0.66  67.60

9.43  47.80

73 A  58.64 

column by the s
f Duncan (p≤0. 05

arison of mo
temperatur

s ascertained
no statistic

% (58.64 %
ents (Table 

ter: Adven
ere measur

mber was ex
ventitious f
ng root. 

PSS 17.00
o determine

independen
Duncan mul

s between 
ered as 

USSIONS 

s were c
Whereas t

86.1 %) wa
y and 18°C,
er 60 % fie

mation, no
was foun

re content 
perature an
t (p≤0.05). 
re applicatio
e content, t
.72 %) unde
e statisticall

each t

under differen
ions 
dity 

 
 

80  

3  55.13  

0  76.90  

0  51.80  

B  61.28 B  

same letter are 
5). 

oisture cont
ure, the hig
d under 40 
cal differe

%) and 80 %
1). 

ntitious root
red with a

xpressed as
formed per

0 statistical
e statistical
nt one-way
ltiple range

individual
statistically

collectively
the highest
as obtained
, the lowest
eld capacity

statistical
nd among

interaction
d moisture
Compared

ons but not
the highest
er 22°C and
ly different
temperature

nt growth 

Mean   

 

67.26 AB  

71.72 A  

59.68 B  

 

not significantly

tent without
ghest value
% moisture

ences were
% (61.28 %)

t 
a 

s 
r 

l 
l 
y 
e 
l 
y 

y 
t 
d 
t 
y 

l 
g 
n 
e 
d 
t 
t 
d 
t 
e 

y 

t 
e 
e 
e 
)  



81

 
The highest root formation rate (69.06 %) was 
obtained under 40 % field capacity and 18°C, 
the lowest rate was determined under 80 % 
field capacity and 18°C. With respect to the 
root formation, no statistical significant 
difference was found among temperature and 
moisture content interaction but comparison of 
moisture content without evaluation of 
temperature, the highest value (63.11 %) was 
ascertained under 40 % moisture content but no 
statistical differences were found for 60 % 
(43.47 %) and 80 % (49.57 %)  moisture 
contents (Table 2). 
 

Table 2. Root formation under different growth 
conditions 

 
Temp. (°C)   Humidity 

(%)  
 Mean 

 40  60  80   

18  69.06  38,60  36.30  47.99   

22  64.16  48,46  66,96  59.87   

26  56.10  43,33  45.43  48.29   

Mean  63.11 A  43.47 B  49.57 B   

Mean in the same column by the same letter are not significantly 
different to the test of Duncan (p≤0. 05). 

Concerning with root length, no significant 
difference was found among temperature and 
moisture content interaction but the effects of 
temperature and moisture content were 
significant (p≤0.05).  
Compared the means of temperature 
applications but not considering the moisture 
content, the highest root length (43.21 cm) was 
under 22°C but the average results were not 
statistically different at 18°C and 26°C.  
Also, the highest root length value (42.64 cm) 
was obtained from 80 % but moisture content 
(40 % and 60 %) did not elicit statistically 
significant differences on root length (Table 3). 
 
Table 3: Root length (cm) under different growth 
conditions 
Temp.(°C)   Humidity 

(%) 
 Mean 

 40  60  80   

18  29.47  30.07  26.71  28.75 B  
22  33.90  37.72  58.02  43.21 A  
26  28.23  28.47  43.21  33.30 B  

Mean 30.53 B  32.08 B  42.64 A   

Mean in the same column by the same letter are not 
significantly different to the test of Duncan (p≤0. 05). 
 
Regardless moisture content, average results 
for temperature were significant for root 

diameter but no difference between 18 °C and 
22 °C. In agreement with root length, the 
widest diameter was determined under 80 % 
moisture content (Table 4). 
 

Table 4: Root diameter (mm) under different growth 
conditions 

 
Temp. (°C)   Humidity 

(%)  
 Mean 

 40  60  80   
18  1.76   2.12  2.11  2.00 A  
22  1.85   2.13  2.26  2.08 A  
26  1.30    0.95  1.60  1.29 B  

Mean  1.65 B  1.73B 1.99 A   
Mean in the same column by the same letter are not significantly 
different to the test of Duncan (p≤0. 05). 

 
Table 5: Root number per cutting 

 

Temp. (°C)   Humidity 
(%)  

 Mean 

 40  60  80   

18  4.99  4.40  4.80  4.72 B  

22  6.37  5.57  7.70  6.54 A  

26  4.87  7.27  4.33  5.49 AB  

Mean 5.41   5.74  5.61    

Mean in the same column by the same letter are not significantly 
different to the test of Duncan (p≤0. 05). 

 
Average results related with temperature were 
significant for root number per cutting for each 
applications but soil moisture content did not 
elicit any significant changes. 
In cutting propagation, no direct relationship 
with the rooting and callus formation, which 
occurs as a response to injury but increase the 
survival time of cuttings by preventing the 
decay in rooting medium has been reported 
(Kaşka and Yılmaz, 1990; Koyuncu et al., 
2003a). However, in the present study, there 
was a parallel variation between callus 
formation and rooting percentage. These results 
are agreement with the report by Yıldız and 
Koyuncu (2000) but disagree with the studies 
(Sezgin 2009, Koyuncu et al., 2003a). In 
addition to delaying the decay of cuttings 
through formation of a protective layer, callus 
tissue was reported to help the water intake in 
some cases (Hartman and Kester, 1974).  
Herein, the highest callus formation percentage 
was found less than 22°C but no difference was 
determined between 18°C and 22°C. An 
increase up to 26°C slowed down callus 
formation. In general, keeping temperature in 
rooting media around 24°C promote cell 
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division and callus formation (Ağaoğlu et al., 
1995) but it is worthy to note that those 
temperature values might vary according to the 
different plant species. 
Moisture content in rooting media effected 
callus formation and 40 % of field capacity was 
the most favourable for callus formation. Up to 
our best knowledge, there is no study on the 
relation between moisture content and callus 
formation but in general, moisture content at a 
level is required in order to prevent ventilation 
(Hartman and Kester, 1974). Basal heating of 
rooting media can enhance root formation 
percentage (Alexandrow 1988); Yıldız and 
Koyuncu (2000) recorded an increase from 60 
% to 89 %. 
Even the highest average of root length was 
obtained from the rooting media with highest 
moisture content; there was decay in many 
cutting samples. This condition is probably 
caused by obstruction of the ventilation due to 
the high moisture content. Indeed, a good 
aeration of the rooting medium, in addition to 
good moisture retention, is stated to be the best 
(Hartmann and Kester, 1974).    
 
CONCLUSIONS 
 
In the study, the best root width was obtained 
under 18°C and 22°C but it decreased by 26°C. 
An increase in temperature of the rooting media 
decreased the width of root. Those coincided 
with the studies by Yıldız et al. (2009) and 
Sezgin (2009).  In this study, moisture content 
in rooting media did not cause any change in 
number of root formation. The present results 
concerned with root formation are in good 
agreement with the previous studies (Koyuncu 
et al., 2003b, Yıldız et al., 2009; Sezgin, 2009, 
Erdoğan and Aygün, 2006). 
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